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REMARKS 
Claims 1-70 remain in this application, 

Claims 1-1 1, 14-37, 39-49, and 52-69 were rejected under 35USC 103(a) as being 
unpatentable over US Patent 4,681,739 to Rosenblatt et al. (herein after also referred to as 
Rosenblatt) in view of Weaver-Meyers, Controlling Mold on Library Materials with 
Chlorine Dioxide; An Eight-Year Case Study. The cited references fail to render obvious 
the above claims. 

Rosenblatt suggests methods of sterilizing various articles, and in particular dental 
and medical implements and products (e.g., column 2, line 62 to column 3, line 12). 
"This invention provides a method for sterilizing microbiologically contaminated articles, 
such as the dry and gas impermeable surfaces of medical or dental implements or other 
articles contaminated with live bacteria and bacterial spores." Column 3, lines 22-26. 
Rosenblatt at column 4, lines 25-30 states: "Moreover, as described in greater detail 
below, when humidification is conducted in a closed exposure chamber, the chlorine 
dioxide gas! may be introduced into the chamber while it still contains the humid air 
employed during the humidification procedure." When described in greater detail, the 
size of the exposure chamber disclosed in the working examples is 2 liters (column 7, 
lines 32-34; column 9, lines 58-61), and no guidance is provided to extend the disclosed 
method to habitable enclosed volumes. Rosenblatt suggests the use of chlorine dioxide 
concentrations in the range of 1 .0 to 300 mg/L, roughly 1 -300 ppm (col.3, lines 31-36). 

As recognized in the Office Action, Rosenblatt fails to restore habitability as 
recited in present claim 1 . The Rosenblatt reference thus does not teach or suggest the 
present claimed invention. 

Weaver-Meyers does not overcome the above discussed deficiencies of 
Rosenblatt with respect to rendering obvious the present invention. Weaver-Myers was 
relied upon for teaching fumigating a previously habitable enclosed volume with chlorine 
dioxide gas. 

However, Weaver-Meyers is not even properly combinable with Rosenblatt since, 
among other things, Weaver-Meyers relates to controlling mold; whereas, Rosenblatt is 
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concerned with dealing with bacterial spores. Killing mold is a lot easier than bacterial 
spores including bacillus spores. For example, see Rosenblatt column 1» lines 26-27 that 
states: 

"Since bact erial spores are generally the most difficult to destroy, — ." 
Therefore since Weaver-Meyers does not relate to killing bacterial spores it is not 
properly combinable with Rosenblatt. 

Furthermore, the process discussed in Weaver-Meyers differs significantly from 
the claimed process. For instance, Weaver-Meyers refers to using Aseptrol packets that 
are hung whereupon chlorine dioxide is released. The presence of the chlorine dioxide 
and its concentration of TLV of O.lppm poses a risk to health to those in the vicinity of 
the chlorine dioxide. On the other hand, the present invention employs a generator to 
generate chlorine dioxide gas, introducing it using an emitter, and removing the gas from 
the volume. Weaver-Meyers cannot provide for removal of chlorine dioxide gas. 

Moreover, Weaver-Meyers employs a relative humidity of around 30% which is 
too low to kill spores. Accordingly, Weaver-Meyers is even more remote with respect to 
claim 25. 

In addition, no practical means exists in Weaver-Meyers to maintain a residual 
amount of chlorine gas within the enclosed volume as recited according to the present 
invention. 

Furthermore, neither Rosenblatt nor Weaver-Meyers overcomes the teachings in 
the art that actually lead away from the invention. Along these lines, see US Patent 
6,500,465 to Ronlan that discloses failures in attempting to use chlorine dioxide for 
decontaminating large buildings. See column 1, lines 29-32. Also see, the Congressional 
Hearing from November 8, 2001 on "The Decontamination of Anthrax and other 
Biological Agents" (copy previously provided) that discusses the state of the art in 
anthrax decontamination. 

For instance, the introductory remarks state that "this hearing is an attempt to shed 
light on what we know about the options for decontaminating biological agents, the gaps 
in our knowledge, and the most expeditious ways to learn what we must in order to deal 
effectively with the crisis at hand. In the National Defense Authorization Act for FY 
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1997, Congress directed the Secretary of Defense to test and improve the response of all 
levels of government to emergencies involving biological and chemical weapons, As 
part of that effort, DOD initiated a joint program with the Department of Health and 
Human Services, the Federal Emergency Management Agency, the Federal Bureau of 
Investigation, EPA, and the Department of Energy. That group, the Biological Weapons 
Improved Response Program, identified serious gaps in our ability to respond to a 
biological attack. . .Those gaps included deficiencies in our understanding of how to 
decontaminate a public building after a biological attack. . .A 1998 review of 
decontamination technologies and protocols conducted for EPA by the private Institute 
for Defense Analysis concluded that there were no current protocols to decontaminate 
an office or workspace or an entire public building... (emphasis added)" 

The text goes on to describe how decontaminating a lab is very different from a 
building. Concerning chlorine dioxide, it states: 

Chlorine dioxide, the gas chosen to decontaminate the Hart Senate Office 
Building, has been used for almost 60 years as a bleaching agent. . .In controlled 
experiments, the gas has been shown to kill bacterial spores, such as those of the 
anthrax microbe, by perforating the spore wall. However, the gas is potentially 
explosive and some have raised concerns about the safety of using it in such a 
large building. 

Also, see 1999 JAMA publication by the Working Group on Civilian Biodefense 
(copy attached) which states on page 1 1, that decontamination of a building after an 
anthrax attack "would be extremely difficult and is not recommended." Note the first 
page stated objectives and participants. The participants would appear to be a top notch 
group from academic medical institutions, government, military and the like with the 
requisite expertise for studying the decontamination problem. 

In sharp contrast to these admonishments concerning the risk of chlorine dioxide, 
the present invention made it possible to successfully decontaminate both the Hart Senate 
Building and the Brentwood Postal Plant in D.C, (see the Washington Post, December 
18, 2002, Al, A-14, and A-15. 
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Further indicia of the non-obviousness of the present invention is WO 
2005/123145 A2 to Wilson et al. which explicitly states that the process of US Patent 
4,681,739 is ineffective for decontamination of the kind achievable by the present 
invention. For example, see the paragraph bridging pages 1 and 2 thereof which states: 
"Furthermore, even those conventional bioweapon decontamination protocols that are 
effective on non-porous surfaces typically fail to fully decontaminate porous surfaces, 
such as paper. For instance, U.S. Patent 4,681,739 discloses a method for 
decontaminating abacterial spore-contaminated surface that is substantially gas- 
impermeable. However, this method is ineffective at decontaminating porous surfaces, 
particularly porous surfaces that are contaminated with weaponized spores, Reliance on 
such a method may permit weaponized spores to remain viable and undetected, leading to 
possible infection and death. 1 " It is also noteworthy that an inventor of U. S . Patent 
4,681,739, Aaron A. Rosenblatt, is likewise an inventor of WO 2005/123 145 A2, 

Where, as in the present case, the teachings of the art would discourage persons 
skilled therein from doing what applicant teaches and claims, the art establishes "the very 
antithesis of obviousness." See In re Rosenburger 156 USPQ 24 (CCPA 1967) and In re 
Buehler 185 USPQ 781 (CCPA 1975). 

Regarding claims 2, 18, 40 and 53, the Office Action asserts that Rosenblatt 
teaches the elements of these claims, namely "removing the chlorine dioxide gas from the 
enclosed resume and then flushes the emitter and enclosed volume with filtered inert 
gas." However, arguments with respect to claims 2 and 40 do not overcome the 
deficiencies with respect to claims 1 and 39 from which they depend, namely that there is 
no evidence that one of ordinary skill would combine Rosenblatt and Weaver-Meyers. 

Regarding claims 3, 4, 41, and 42, the Office Action asserts that Rosenblatt in 
conjunction with teaches elements of these claims. The referenced portion of Rosenblatt 
allegedly teaching the elements of claims 3, 4, 41 and 42 does nothing to cure the defects 
of Rosenblatt or Weaver-Meyers with respect to independent claims from which these 
claims. Therefore, claims 3, 4, 41 and 42 are allowable. 

Regarding claims 5 and 43, Rosenblatt according to the Office Action, teaches 
that in one embodiment only one stream is used, then the stream introduces chlorine 
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dioxide into the enclosed volume and scrubs chlorine dioxide after the end of a 
sterilization cycle. The Office Action makes the assumptions that the stream is an emitter 
and that the emitter is a stripper. In any event, claims 5 and 43 are not rendered obvious 
by Rosenblatt and Weaver-Meyers at least for the reasons stated above as to why claim 1 
is patentable. 

Concerning claims 6 and 44, the Examiner recognizes that Rosenblatt fails to 
teach placing a single means for introducing and scrubbing chlorine dioxide into a 
previously habitable enclosed volume. However, Weaver-Meyers, contrary to the 
conclusions in the Office Action, fail to overcome these deficiencies of Rosenblatt with 
respect to rendering unpatentable claims 6 and 44 as discussed hereinabove with respect 
to claims 1 and 39. Also, as discussed above, Weaver-Meyers is not even properly 
combinable with Rosenblatt. Also, as shown above, killing bacterial spores is much more 
difficult than removing the mold discussed by Weaver-Meyers. 

With respect to claims 7-10, 14, 24, 45^48, 52 and 57, according to the Examiner 
Rosenblatt teaches adjusting both the relative humidity and temperature, intrinsically 
avoiding condensation by monitoring and controlling the dew point within the enclosed 
volume and reducing the level of illumination. 

As noted above, Rosenblatt is not directed to anything other than small sealable 
enclosures capable of having vacuums drawn therein. Furthermore, there is no evidence 
presented to show a suggestion from the prior art to combine the teachings of Rosenblatt 
with the teachings of Weaver-Meyers. Therefore, the elements of dependent claims 7-10, 
14, 24, 45-48, 52 and 57 are not taught by the cited references and any rejection of these 
claims under 35 USC § 103(a) is improper. 

Concerning claims 1 1 and 49, the Examiner pointed out that Weaver-Meyers 
teaches fumigating the deck area, which is an enclosed portion of the library bunding, 
with chlorine dioxide thereby making it obvious to modify the method of Rosenblatt to 
fumigate portions of building with chlorine dioxide. 

Again the improper combination of Weaver-Meyers with Rosenblatt is being 
relied upon to reject these claims. Accordingly, for reasons discussed hereinabove with 
respect to claims 1 and 39, claims 1 1 and 49 are patentable over the prior art. 
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The Office Action states that with respect to claims 15-17, 19-20, 59-61-63 one 
having ordinary skill in the art at the time the invention was made considering the 
Rosenblatt teachings would realize that the concentration of chlorine dioxide is not 
limited to a certain range but depending on, for example, the kind of spore present, the 
concentration is subject to numerous modifications. Rosenblatt also mentions exposure 
time and humidity. 

The above statement is not pertinent to the recitations in claims 15-17, 19, 20, 59 
and 61-63 in view of the lastly different ranges mentioned by Rosenblatt. In particular, at 
col. 4 , lines 20-26, Rosenblatt states "The concentration of chlorine dioxide gas 
employed in conjunction with the foregoing humidification procedure preferably ranges 
from about 1 0 mg/L to about 40 mg/L." As can be appreciated, 1 0-40 mg/L is 
approximately equal to 10-40 ppm. On the other hand, claim 59 recites the concentration 
of chlorine dioxide in the volume during fumigation at levels from 500 ppm to about 
3000 ppm. The chlorine dioxide concentrations in the range of 1.0 to 300 mg/L, roughly 
1-300 ppm, preferably 10-40 ppm disclosed by Rosenblatt are orders of magnitude lower 
than that recited in claims 59 and in claims 61-63. 

Claims 15-17 of the present invention recited that chlorine dioxide is present in 
the introduced gas at levels of at least 90%, at least 95% or at least 99%. Similarly, it is 
not clear how the use of chlorine dioxide concentrations in the inert carrier gas of 1 .0 to 
300 mg/L, roughly 1-300 ppm, preferably 10-40 ppm mentioned by Rosenblatt could 
result in chlorine dioxide being present in the introduced gas at levels of at least 90%, at 
least 95% or at least 99%. Claims 19-20 recite that the chlorine dioxide contains less 
than 5% or less than 0.5% chlorine gas. The Rosenblatt reference does not disclose a 
minimum percent of chlorine gas, but does recognize that chlorine gas can he a 
breakdown product of chlorine dioxide (col. 5, lines 12-13). 

Nothing in Rosenblatt suggests how to achieve these levels of chlorine dioxide 

and/or chlorine. 

Concerning claims 25, 27, 58 and 60 the Examiner states that temperatures, 
relative humidity and exposure times as claimed are disclosed by Rosenblatt. However, 
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these claims are deemed to be patentable for at least those reasons as to why claim 1 is 
patentable. 

Concerning claims 26 and 28-30, the Examiner has concluded that modification 
of the residual amount of chlorine dioxide is a matter of routine experimentation. 
However, nothing is discussed in Rosenblatt addressing residual amount of chlorine 
dioxide, much less the particular values recited in these claims. The Examiner has taken 
great liberties in the interpretation of Col. 8, lines 1-5 as stated in the sentence bridging 
pages 6 and 7 of the Office Action, 

Concerning claims 34 and 66, the Examiner has concluded that modifying the 
relative humidity is a matter of routine experimentation, and concerning claims 35 and 67 
the Examiner has concluded that modifying the time interval of chlorine dioxide is a 
matter of routine examination. 

These claims are deemed to be patentable for at least the reasons discussed above, 
as to why claim 1 is patentable. 

Concerning claims 21-23, 31-33, 54-56 and 64-65, Rosenblatt is even more 
remote. For instance, Rosenblatt refers to creating a vacuum which could be significantly 
more negative than "slightly negative" as recited in claims 21 and 54. Furthermore, 
creating a vacuum as mentioned by Rosenblatt in a "previously habitable enclosed 
volume" as recited in the present claims would seem to be entirely impractical. Nothing 
whatsoever in Rosenblatt refers to a partial pressure of chlorine dioxide as recited in 
claims 22 and 55. 

Concerning claims 23 and 56, Rosenblatt is especially concerned with non-porous 
substrates and not gas penetrable ones (see col, 8, line 67- col. 9, line 6). With respect to 
claims 33 and 65, Rosenblatt fails to teach "Bacillus anthracis", an especially difficult 
spore to kill as evidenced by the problems discussed above in cleaning Up the Hart Senate 
Building and Brentwood Post Office facility from their exposure to anthrax. 

Concerning claims 36-37, 68 and 69, these claims are patentable for at least 
reasons as to why claim 1 is patentable. 

Regarding claims 21-23, 31-33, 54-56, and 64-65, the Office Action asserts 
Rosenblatt teaches that the enclosed volume undergoes a vacuum, the chlorine solution 
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inherently has an equilibrium partial pressure (col. 6, lines 1 -7), the sterilant gas 
penetrates the contents hi the enclosed volume and the enclosed volume requiring 
fumigation is contaminated with any type of spore. Not only does Rosenblatt fail to teach 
the elements of claim 21 , but it fails to teach the elements of claim 1 , alone or in 
combination with Weaver-MeyerS) and therefore it cannot form the basis of a valid 35 
USC § 103(a) rejection. As such, allowance of claims 21-23, 31-33, 54-56 and 64-65, is 
requested. 

Claims 12 and 50 were rejected under 35 USC 103(a) as being unpatentable over 
Rosenblatt et al. in view of Weaver-Meyers and further in view of US Patent 4,780,333 to 
Smith et al. Smith et al. were merely relied upon for a disclosure of treating a vehicle. 
The Examiner properly notes that neither Rosenblatt nor Weaver-Meyers teach treating a 
vehicle. However, the Office Action goes on to incorrectly state that it would have been 
obvious to modify the references using Smith to include treating a vehicle, since there is 
an established relationship between respiratory ailment symptoms and automobile air 
conditioning. This is a conclusory statement, not the presentation of evidence from the 
prior art as required by law. See In re Zurko, 258 F. 3d 1379, 1386 (Fed. Cir. 2001). 

In contrast, Applicant's invention of claims 12 and 50 fumigates all surfaces 
including the occupants' spaces and leaves no residue after treatment. Smith actually 
teaches away from Applicant's invention of claims 12 and 50 in other ways. First, Smith 
attempts to reduce the humidity level in the air conditioning duct when humidity levels 
approach 70% (col. 8, lines 58-62). In contrast, Applicant's invention climatizes the 
environment by adjusting the humidity until it reaches a range of 60-80%. As seen from 
the foregoing arguments, Smith does nothing to overcome the shortcomings of Rosenblatt 
and Weaver-Meyers in relation to claims 12 and 50. And, when taken as a whole, Smith 
teaches away from Applicant's claimed method. In view of the foregoing remarks, 
allowance of claims 12 and 50 is respectfully requested. Furthermore, it would be 
contrary to Weaver-Meyers to use an air-conditioning system to dispense chlorine 
dioxide since it was the problem with the air-conditioning that caused the mold in 
Weaver-Meyers in the first place. 
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Claims 13 and 51 were rejected wider 35 USC 103(a) as being unpatentable over 
Rosenblatt in view of Weaver-Meyers and further in view of US Patent 4,272,019 to 
Halaby, Jr. et al. The Halaby reference was relied upon for a disclosure of distributing 
deodorants and insectidies using an air-conditioning system. No evidence from the prior 
art is presented as required by law, only a conclusory statement of what one of ordinary 
skill in the art would do. The Halaby reference does not provide motivation to combine 
Rosenblatt and Weaver-Meyers and does not overcome the shortcomings of the two 
references individually which have been discussed hereinabove in connection with claims 
1 and 39, from which these claims depend. Applicant respectfully requests withdrawal of 
the rejections of claims 13 and 51 and allowance of these claims. 

Regarding claim 38, the Office Action asserts that Rosenblatt, Weaver-Meyers, 
and Spink taken together teach every element of the claim. In particular, the Examiner 
states that it would have been obvious to substitute the detoxification process of Spink 
with the disclosures of Rosenblatt and Weaver-Meyers to arrive at the invention of claims 
38 and 70. No evidence from the prior art is presented as required by law, only a 
conclusory statement of what one of ordinary skill in the art would do. As previously 
argued in conjunction with claims 1 and 39, no evidence from the prior art has been 
presented to teach or suggest the combination of Rosenblatt and Weaver-Meyers. 
Adding Spink to the mix does nothing to cure the deficiencies. And therefore, a valid 35 
USC § 103(a) rejection of claims 38 and 70 cannot be sustained. Applicant respectfully 
requests that claims 38 and 70 be allowed. 

Concerning the above rejections, the mere fact that the prior art could be modified 
as suggested in the office action would not have made the modification obvious unless 
the prior art suggested the desirability of the modification. In re Gordon, 733 F.2d 900, 
902; 221 U.S.P.Q. 1 125, (Fed. Cir. 1984). Here, the record shows no evidence or finding 
of any motivation , suggestion or teaching, explicit or implicit, that would suggest 
modification or combination of the cited references, but only conclusory statements that 
one skilled in the art at the time of the invention would so modify or combine the 
references. Thus, the burden to present a prima facie case has not been borne for any of 
the combinations of references. 
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The case law addressing tbe requirements for establishing a. prima facie 35 USC § 
103(a) rejection is well settled. In particular, establishing zprima facie case of 
obviousness under 35 USC § 103(a) requires that each of three requirements must be met. 
First, the references, taken alone or in combination, must teach or suggest each and every 
element recited in the claims. See M.P.E.P. § 2143.03 (8 th ed. Rev. 1, Fed. 2003) citing 
InreRoyka, 490F.2d981, 180USPQ 580 (CCPA 1974). Second, there must be some 
suggestion or motivation, either in the references themselves or in the knowledge 
generally available to one of the ordinary skill in the art, to combine the references in a 
manner resulting in the claimed invention. And third, a reasonable expectation of success 
must exist Furthermore, each of these requirements must "be found in the prior art, and 
not be based on applicant's disclosure." M.P.E.P § 2143 (8* ed. Rev, 1, Feb. 2001). 
Determinations of prima facie obviousness must be supported by a finding of "substantial 
evidence." See In re Zurko, supra. Specifically, unless "substantial evidence" is found in 
the record that supports the factual determinations central to the issue of patentability, 
including motivation, the rejection is improper and should be withdrawn. In this case, 
there is no "substantial evidence" in the record to support the combinations asserted in 
the Office Action, nor is there the requisite "clear and particular" motivation required to 
support a prima facie case of obviousness. 

The Patent and Trademark Office has the burden under section 103 to establish a 
prima facie case of obviousness. In re Fine 837 F.2d 1071, 1074; 5 USPQ 2d 1596 (Fed, 
Cir. 1988). It can satisfy this burden only by showing some objective teaching in the 
prior art or that knowledge generally available to one of the ordinary skill in the art would 
lead that individual to combine the relevant teachings of the references. Id. The Applicant 
respectfully submits that the Patent and Trademark Office has not borne the burden to 
establish aprima facie case of obviousness, and requests that all rejections under 35 USC 
§ 103 (a) be withdrawn. 

Obviousness cannot be established by locating references which describe various 
aspects of the invention without also providing evidence of the motivating force which 
would impel one skilled in the art to do what the Applicant has done. Ex parte 
Levengooa\28 USPQ 2d 1300, 1302 (Bd. Pat. App. & Int. 1993). When prior art 
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references require selective combination to render obvious a subsequent invention there 
must be some reason for the combination other than the hindsight gleaned from the 
invention itself. Interconnect Planning Corp. v. Feil, 774 F.2d 1 132, 1 143; 227 USPQ. 
543(Fed.Cir. 1985). There must be something in the prior art as a whole to suggest the 
desirability, and thus the obviousness, of making the combination. Lindemann 
Maschinenfabrik GmbH v. American Hoist and Derrrick Co., 730F.2d 1452, 1462; 221 
U.S.P.Q, 48 1, 488 (Fed. Cir. 1984). The motivation, suggest or teaching may come 
explicitly from statements in the prior art, or, in some cases, the nature of the problem to 
be solved. In re Kotzab, 217 F,3d 1365, 1370; 44 USPQ. 2D 1313 (Fed. Cir. 2000). In 
addition, the teaching, motivation or suggestion may be implicit from the prior art as a 
whole, rather than stated expressly in the references. Id The test for an implicit showing 
is what the combined teachings, knowledge of one of ordinary skill in the art, and the 
nature of the problem as a whole would have suggested to those of ordinary skill in the 
art. Id. Whether reliance is placed on an express or an implicit showing, particular 
findings related thereto must be provided. Broad conclusory statements Standing alone 
are not "evidence." Id. 

In the present case, no evidence of a suggestion or motivation has been presented 
to combine Rosenblatt and Weaver-Meyers references, but only conclusory statements. 

Also, the cited art fails to provide the degree of predictability of success of 
achieving the results attainable by the present invention needed to sustain a rejection 
under 35 USC 103. See Diversitech Corp. v. Century Steps, Inc. 7 USPQ2d 1315 (Fed. 
Cir. 1988), In re Mercier, 185 USPQ 774 (CCPA 1975) and in re Naylor, 152 USPQ 106 
(CCPA 1966). 

The rejection of the claims is in the nature of "ought to be tried" which is an 
impermissible standard under 35 U.S.C. 103 (see Jones v. Hardy, 220 U.S.P.Q. 1021 [Fed. 
Cir, 1984]). 

The present invention could only be derived from the references by the use of 
"hindsight", i.e. by knowing what Applicants' invention was in advance from Applicants' 
disclosure, and then ex post facto reconstructing Applicants' invention from the prior art 
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after a thorough search. The prior art did not lead person of ordinary skill in the art at the 
time the invention was made to Applicants' invention for the reasons stated herein. 

The Examiner knew, from Applicants' own disclosure, what Applicants' 
invention was when the patentability search was conducted. It is not easy to separate 
what the Examiner knew from the Applicants disclosure and what the prior art suggests. 
By the nature of the examination, the Examiner makes his determination of obviousness 
ex post facto. The person of ordinary skill in the art does not have the advantage of 
knowing what the invention is, and must derive the invention from his insight as applied 
to the prior art, Applicants urge the Examiner to keep this in mind when deciding 
whether Applicants' invention is obvious. 

In this legard, the discussion in In re Kotzab, 55 U.S.P.Q. 2d 1313 (Fed. Cii. 
2000) at page 1317 is instructive: 

A critical step in analyzing the patentability of claims pursuant to section 103(a) 
is casting the mind back to the time of invention, to consider the thinking of one of 
ordinary skill in the art, guided only by the prior art references and the then-accepted 
wisdom in the field. See/» re Dembiczak, 175 F.3d at 999, 50 USPQ2dat 1617. Close 
adherence to this methodology is especially important in cases where the very ease with 
which the invention can be understood may prompt one "to fall victim to the insidious 
effect of a hindsight syndrome wherein that which only the invention taught is used 
against its teacher. Id. (quoting W.L. Gore &Assocs„ Inc. v Garlock, Inc., 721 F.2d 
1540, 1553; 220 USPQ 303,313 (Fed. Cir. 1983). 

In view of the rejections under 35 U.S.C. § 103 (a) the Applicant and Applicant's 
representatives are mindful of the obligation under 37 CFR 1 .56, as recited in the Office 
Action, to point out the inventor and invention dates of each claim that was not 
commonly owned at the time a later invention was made, Evidence to the contrary, if and 
when available, will be properly disclosed in order that the examiner may consider the 
applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f), or (g) prior art under 
35 U.S.C. 103(a). 



38811 1 T, 

PAGE 17/73 * RCVD AT 2/13/2006 2:00:04 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/27 * DNIS:2738300 * CSID:202 293 6229 * DURATION (mm-ss):21-58 



FEB. 13. 2006 2:19PM CBL&H 202 293 6229 



NO. 1411 P. 18 



Application No,: 09/997,694 DocketNo.: 2043 5-001 3 8-US1 

Amendment dated February 13, 2006 

Response to Office Action dated August 11, 2005 

CONCLUSION 

In view of the above remarks, it is believed that all claims are in condition for 
allowance, and it is respectfully requested that the application be passed to issue. If the 
Examiner feels that a telephone call would expedite the prosecution of this case, the 
Examiner is invited to call the undersigned at 202-33 1-7111. 
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Washington, DC 20036-3425 
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(202) 293-6229 (Fax) 
Attorney for Applicant 
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METHOD AND APPARATUS FOR BIOWEAPON DECONTAMINATION 

CROSS REFERENCE TO RELATED APPLICATION 
This appfcation claims the benefit of U.S. Provisional Application No. 
5 60/537,457 filed January 16, 2004, which is hereby incorporated by reference in its 
entirety. 

FIELD 

The present disclosure relates to the decontamination of articles that are or may 
10 be contaminated with bioweapons, such as sporulated bio-weapons, for example anthrax. 



BACKGROUND 

U.S. mail, postal facilities^ and government buildings have in the past been 
15 contaminated With weaponized anthrax spores, which resulted m several cases of 
bioterrorism-related inhalational anthrax infections. Because the U.S. Postal Service 
currently handles an estimated 239 billion items of mail per year, the risk is high that 
another disease outbreak will result from acts of bioterrorism. To protect the public 
health, mail and buildings actually or potentially contaminated with a bioweapon fcom 
20 such an attack must be moron^y &coritarmnated. 

One problem with the decontamination of bioterrorism siteB is that anthrax and 
other bioweapon spores generally are "weaponized," which changes the spores' native 
characteristics and makes them more resistant to decontamination. While conventional 
decontamination protocols, such as exposure to chlorine dioxide, ethylene oxide, 
25 formaldehyde, or steam may be sufficient to kill many sporulated bacteria, they often 
fail to completely inactivate weaponized spores. 

Furthermore, even those conventional bioweapon o^ontainination protocols tha 
are effective on non-porous surfaces typically fail to fully decontaminate porous 
surfaces, such as paper. For instance, U.S. Patent No. 4,68 1,739 discloses a method for 
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decontarxrinating abacterial spore-ccnitaminated surface mat is substantially gas- 
impenneable. However, this method is ineffective at decontaminating porous Surfaces, 
particularly porous surfaces that are contaminated with weaponized spores. Reliance on 
such a method may permit weaponized spores to remain viable and undetected, leading 
5 to possible infection and death. 

SUMMARY 

Provided herein are methods of decontaminating articles that overcomes many of 
the problems of prior methods. The method is effective at killing weaponized spores, 
10 for example when spores are present on a porous or non-pourous article or surface, for 
which prim approaches are often somewhat ineffective. 

In particular examples, the method includes enclosing the article in an 
environment, huimdifying the environment to enhance the susceptibility of the spores to 
subsequent decontaminatiori-wilh a decontamination gas such as chlorine dioxide, 
15 reducing the pressure in the humidified environment to provide a deep vacuum, for 
example at least as low as IQQ.inchea of water (0.25396 kg/cm 2 ), and then introducing 
into the environment a concentration of decontamination gas effective to decontaminate 
1he article by killing substantially 100% of the spores. In some examples, the 
decontamination gas is humidified, for example introduced into the environment with 
20 humidification. The disclosed methods are particularly effective at decontaminating 
porous articles because exposing the article to a deep vacuumhas been foundto permit 
eSective penetration of the decontamination gas into the porous structure of the object 
In some examples, for example when the environment to be decontaminated is a 
room or building, the method includes sealing the environment, humidifying the 
25 environment to enhance the susceptibility of the spores to subsequent deeontammation 
with a a^ntamination gas such as chlorine dioxide and then introducing into the 
environment a concentration of decontamination gas effective to <iecontaminate the 
article by killing substantially 100% of the spores. In some examples, the 
deeontammation gas is humidified, for example introduced into the environment with 
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humidification. In examples where the environment to be decontaminated is a roam or 
building, the pressure can be ambient 

Also provided is an apparatus for decontaminating a porous article. The 
apparatus includes a selectively scalable decontamination chamber, a d^ontarnination 
5 chamber humidifier, ft source of chlorine dioxide gas in fluid communication with the 
decontamination chamber, and a decontamination chamber vacuum generator. 

The foregoing and other features and advantages will become more apparent 
from the following detailed description of several embodimants. 

10 BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a schematic diagram of an exemplary apparatus for decontamination of 
a porous article. 

FIG. 2 is a schematic diagram of an exemplary cMoime-dioxide generator for ' 
use in the apparatus of FIG. 1. 
15 FIG. 3 is a diagram of an exemplary rigid container for use as a selectively 

scalable decon taminati on chamber in the apparatus of FIG. 1. 

FIG. 4 is a diagram Of an exemplary room that can provide the selectively 
sealable decontamination chamber of FIG. 1, except that the room would be at ambient 
pressure during the decontamination. 
20 JIG. 5 is a graph showing the number of organisms recovered after exposure to 

1,000 ppm QOi following exposure to a deep vacuum. 
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DETAILED DESCRIPTION 
Abbreviations and Terms 
Unless otherwise explained, all technical and scientific terms used herein have 
the same meaning as commonly understood by one of ordinary skill in the art to which 
5 mis disclosure belongs. Tbe singular terms "a," "an," and "the" include plural referents 
unless context clearly indicates otherwise. Similarly, the word "or" is intended to 
include "and" unless the context clearly indicates otherwise. "Comprises" means 
"includes." Hence "comprising A or B" means including A, or B, or A and B. 
Although methods and materials similar or equivalent to those described herein can be 
10 used in the practice or testing of the present disclosure, suitable methods and materials 
are described below. In addition, ihe materials, methods, and examples are illustotive 
only and not intended to be Ihmting. 



Abbreviations 



arm 


atmosphere 


CC 


cubic centimeter 


cm 


centimeter 


ClOi 


chlorine dioxide 


in. 


inches 


Hg 


mercury 


kg 


kilogram 


lb 


pound 


mbar 


millibar 


mL 


milliliter 


mm 


millimeter 


um 


micrometer 


mtorr 


millitorr 


N 2 


nitrogen 


N/m 2 


Newtons per square meter 
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Fa pascal 

PSI pounds pa square inch 

WG water gouge 

5 Ambient: Condition of the environment, such as the temperature, humidity, or 

pressure present within a sealed environment, such as a sealed room or huilding- hi 
particular examples, ambient temperature in a sealed envhonment is about 68°F to 
about 72°F, ambient humidity in a sealed environment is the humidity in the absence of 
a humidifier, and the ambient pressure in a sealed environment is the pressure in the 

10 absence of a vacuum. 

Autoclave: A device for heating substances above their boiling point, often 
used to manufacture chemicals or sterilize surgical instruments. In some examples, an • 
.autoclave is used as a decontommation chamber for decontaminating bioweapon- 
contaminated articles. 

15 Bacillus-. A genus of bacteria whose collective features include degradation of 

most substrates derived fiom plant and animal sources, including cellulose, starch, 
pectin, proteins, agar, hydrocarbons, and others; antibiotic production; nitrification; 
denitrification; nitrogen fixation; facultative lithotrophy, autotrophy, acidophil*; 
alkaliphily; psychrophily, thermophily and parasitism. Spore formation, universally 

20 found in the genus, is thought to be a strategy for survival in 1he sou environment, 

wherein the bacteria predominate. Aerial distribution of dormant spores likely explains 
the occurrence of Bacillus species in most habitats examined. 

There are more than 40 recognized species in the genus Bacillus (Bergeys 
Manual of Systematic Bacteriology Vol 2 (1986)). These include, but are not limited to, 

25 B. acidocaldarius, B. alkalophilus,B. ahei, B. anthrads, B. azotoformans, B. badius, B. 
brevis> 3. cereus, B. circular, B. coagulant, B.fastidiosis, B.firmis, B. globisporus, B, 
insolitus, B. larvae, B. laterosporus, B. hnttmorbus, B. lentus, B. lichmiformis, B, 
macerms, B. macquariensis, B. marinus, B. inegaterium, B. mycoides, 29. 
pantothenticus,B.pastetaii, B. polymyxa, B.popillia, B.pimllvs, B. schlegelii, B, 
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sphaericus, B. stearothermopMus, B. subttts, and B. thwingiensis. In one specific, 
non-limiting example, a Bacillus is Bacillus anthracis, the agent that causes Anthrax. 

Bacteria: Any of various prokaryotic organisms, including organisms within 
various phyla in the Kingdom Procaryotae. The terms encompasB all microorganismB 

5 commonly regarded as bacteria, including Mycoplasma, Chlamydia, Actinomyces, 
Streptomyces, and Rickettsia. The term also includes cocci, bacilli, spirochetes, 
spheroplasts, protoplasts, and so forth. Spore-forming or speculating bacteria are 
bacteria that are capable of forming spores (small, usually single-celled reproductive 
bodies that are highly resistant to desiccation and heat and are capable of growing into a 

10 new organism). Spor^fbmung bacteria include, but are not limited to members of the 
genera Bacillus, Clostridium, Desulfotomaculans, SporolactobaciUus, and 
Sporpswcina. 

Biological weapons bioweapon: Any of various bacteria, viruses, and toxins 
that is or can be dispersed deliberately to cause disease or death to humans, animals, or 

15 planiB,orotherbiologi C al organisms. Examples of biological weapons include Bacillus 
anthracis mat causes anthrax, Yersinia pestis that causes plague, and Variola major that 
causes smallpox. Biological weapons also include biotoxjns,wMch any of various 
poisons produced by certain biological organisms, such as bolulinum toxin, producedby 
the bacterium Clostridium botuUnum, and ricin, from castor oil seeds. A spomlated 

20 bioweapon is a bioweapon that includes spores, for example bacterial spores. 

Chlorine dioxide (OOj): A gas that is an extremely effective disinfectant, 
which rapidly inactivates pathogens such as bacteria, viruses, and parasites. Chlorine 
dioxide gas molecules can kill aerosolized, airborne pathogens, and also can diffuse 
through cracks and crevices in an article or a building or room and reach any surface 

25 thatmighthavebeenreachedbyapathogen. Chlorine dioxide gas has a greenish yellow 
color with a distinctive odor similar to that of chlorine. Chlorine dioxide is highly 
soluble in water but, unlike chlorine, chlorine dioxide does not react with water. It 
exists in aqueous solution as a dissolved gas. 
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A source of cMorine dioxide is any device that stores, releases, or produces 
chlorine dioxide. One type of a chlorine dioxide source is a chlorine dioxide 
generator. A chlorine dioxide generator is a device for producing chlorine dioxide gas, 
for example, a device that generates chlorine dioxide gas as needed. One such'chloriiie 
5 dioxide generator is the Saf-T-CMor™ chlorine dioxide generator (CDG, Bethlehem, 
PA), which uses the reaction between dilute chlorine gas and fhennally stable Solid 
sodium chlorite to generate chlorine dioxide gas on demand. This reactionproduces 
chlorine dioxide gas (in nitrogen), fiee of chlorite ion, chlorate ion or molecular 
chlorine. 

10 Decontamination: To substantially inactivate or remove unwanted pathogens 

or pyogenic spores, for example by Mumg substantial* ^ 

Decontamination gas: A gas effective to kill or otherwise substantially 

.eliminate the pathogenicity of a pathogen, such as a sporulated pathogen; &r,example as 

Bacillus anthracis spores, hi a particular example, it is a gas that caniill or 
15. substantially eliminate the pathogenicity of weaponized spores. Examples of such 

decontamination gases include ethylene oxide, formaldehyde, steam, and chlorine 

dioxide. 

Decontamination chamber: An enclosed space for decontaminating articles 
that are actually contaminated or suspected to be contannnated with spores. 
20 Decontamination chambers generally are capable of withstanding low atmospheric 
pressures, for example a pressure of at least as low as 100 (025396 kg/cm 2 ), 50 
(0.12698 kg/cm 2 ), or even 29 inches of water (0.0736484 kg/cm 2 ). A decontamination 
chamber generally is also substantially gas-impermeable environment 
Decontamination chambers include, but are not limited to sealed, rigid containers, 

25 autoclaves, hypobario chambers. 

Ia an example where a decontamination chamber is a room or building, the 
chamber is not subjected to low atmospheric pressures, but instead decontamination is 
performed at ambient pressure. Rooms or buildings can be sealed to prevent the influx 
or efflux of gas. 
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Humidification: The process of increasing the relative humidity, for example, 
by a humidifier. Examples of humidifiers include, but are not limited to evaporative 
humidifiers, steam humidifiers, and ultrasonic humidifiers. Humidity can be measured 
by a device known as a hygrometer. 
5 Humidity: A measure of the amount of moisture present in a gas. . Generally, 

the degree of hnmidity is expressed as relative humidity, or the ratio of the amount of 
water vapor in a gas at a specific temperature to the niaxirmmi amount that the gas could 
hold at that temperature, expressed as a percentage. A completely saturated gas is said 
to be at 100% relative humidity, and partial saturation is designated by smaller 
10 percentages, for example, 95%, 85%, 75%, 50%, or even less relative humidity. 

Hypobaric chamber: A chamber in which the pressure is below atmospheric 
pressure, such as below 1 atmosphere. In some examples, ahypobaric chamber is used 
as a decontamination chamber, tbriexample for decontaminating a porous article. 

Porous: Having pores; cracks; or crevices. A porous article admits the passage 
15 of gas or liquid into or through pores or interstices. la general, a porous article is more 
difficult to effectively decontaminate than a non-porous article. A porous article 
includes, but is not limited to a cellulose, nitrocellulose, glass, polyester, nylon, and 
polyethylsulphone article. One specific, non-limiting example of a porous material is 
paper. Non-porous materials include, but are not limited to metal, glass, non-porous 

20 cerarnics, and plastic. 

Pressure: A measure of force/area. Atmospheric pressure is pressure caused 
by the weight of the atmosphere. At sea level it has a mean value of one atmosphere but 
reduces with increasing altitude. Atmospheric pressure can be measured in a variety of 
different units, for example: one atmosphere is equivalent to 1.0X295 bars, 1.Q1295X 

25 10 6 dynes/cm, 29.9213 inches of mercury, 406.86 inches of water, 1,03325 kg/cm 2 , 

1012.95 mbar, 7.6 x 10 s mtoxr, 7.6 x 10 s rnicrons of mercury, 1.01296 x 10 s Pa, 1.01296 
x 10 s N/m 3 , 14.696 PSI, 14.696 lb/in 2 , 760 torr, ot 760 mm mercury. 

In one example, pressure is created in an environment with a vacuum generator, 
fa particular examples, the pressure is at least as low as 100, SO, 60, 50, 40, 30, or even 
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29 inches of water. For comparison, a pressure of 100 inches of water is equivalent to 
about 0.2458 atmospheres, or about 0.25396 kg/cm 2 . A pressure of 80 inches of water 
is equivalent to about 0.19664 atmospheres, or about 0.203168 kg/cm 2 . A pressure of 
60 inches of water is equivalent to about 0.14748 atmospheres, or about 0.152367 

5 kg/cm 2 . A pressure of 50 inches of water is eqvdvalentto about 0.1229 atmospheres, or 
about 042698 kg/cm 2 . A pressure of 40 inches of water is equivalent to about 0.09832 
atmospheres, or about 0.101584 kg/cm 2 . A pressure of 100 inches of water is eqirivalent 
to about 0.07374 atmospheres, or about 0-076188 kg/cm 2 . And, a pressure of 29 inches 
of water is equivalent to about 0.071282 atmospheres, or about 0.0736484 kg/cm 2 . 

10 Rigid container: A container that is capable of withstanding a vacuum 

t^svne.forexarnpleavacuumpr^^ 
or even29 inches of water (0.0736484 kg/cm 2 ). 

Rotometer. • A device for measuring the rate of fluid -flow. In some examples, a 

.rotameter is a tapered, verti^ ' 

15 ^vesmaverticalpa&toaheigta^ 

Seal: A substantially gas-impermeable closure. A sealed environment, sealed 
room, or sealed building is one in which substantially all leaks have beenblocked (for 
example, using plastic or other sheeting, tape, or caulking) to form an environment that 
is substantially gas-impermeable. A sealed environment (such as a sealed article, sealed 

20 room, or sealed building) can include one or more ports that permit agents to be moved 

in and out of the sealed area. 

Spore: A small, usually single-celled reproductive body that is highly resistant 
to desiccation and heat and is capable of growing into anew organism, produced 
especially by certain bacteria, fungi, algae, and non-flowering plants. Spores have 
proven to be the most durable type of cell found in nature, and in their cryptobiotic state 
of dormancy, they can remain viable for extremely long periods of lime, perhaps 
nnUions of years. Spores do not form normally during active growth and cell division. 
1^, their differentiation begins when a population of vegetative cells passes out of 
the exponential phase of growth, usually as aresult of nutrient depletion. Typically, one 



25 
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spore is formed per vegetative cell In some examples, the mature spore is liberated by 
lysis of the mother cell (sporangium.) in which it waa formed. 

Mature spores have no detectable metabolism, a state that is described as 
cryptobiotdc. They are highly resistant to environmental stresses such as high 
5 temperature (some endospores can be boiled for several hours and retain, their viability), 
irradiation, strong acids, cHsmfectants, etc. Although cryptobiotic, Ihey retain viability 
indefinitely such that under appropriate environmental conditions, they germinate into 
vegetative cells. 

Vacuum: An environment that has a reduced, atmospheric pressure. A vacuum 
10 generator is a device that creates a reduced atmospheric pressure, &r example in a 
decontarnination chamber. 

Viable: Capable of living, developing, or geominathig under fevorable 
conditions. For example, a viable spore.is capable of developing under fevorable 
conditions. •:>...■.. 
15 Weaponized: Enhancement of a bioweapon, for example by creating a finely 

dispersed, highly concentrated, easily aerosolized, and sterilization- or decontamination- 
resistant spore. Weaponizarian decreases a pathogen's (such as a spore's) susceptibility 
to decontamination. 

20 Method for Decontamination 

Disclosed herein are methods for decontaminating porous and non-porous 
articles or objects that are actually or potentially cordaminated with sporeB. Unlike 
many conventional methods of decontamination, which often are meffecuve at lolling 
weaponized spores, such as weaponized spores on porous objects, in particular 

25 examples the present method includes humidification prior to the application of a deep 
vacuum, which is followed by the application of chlorine dioxide gas (which is in some 
examples concurrent with humidificarion). The hunn^cationstepehhancesthe 
susceptibility of spores (such as weaponized spores) to subsequent decontamination 
with chlorine dioxide, Application of the deep vacuum men allows the chlorine dioxide 



PAGE 30/73 ! RCVD AT 2113/2006 2:00:04 PM [Eastern Standard Time] ' SVR:USPTO-EFXRF-6/27 * DNIS:2738300 » CSID:202 293 6229 « DURATION (mnws):21-58 



FEB. 13. 2006 2:23PM CBL&H 202 293 6229 



WO 2005/123145 



NO. 1411 P. 

PCT/DS2OO5/00O766 



31 



-11- 

gas to penetrate the porous article more effectively. These factors act in concert to 
ensure that the article is fully decontaminated, even when the article is porous and the 
spares are weaponized. 

The method includes enclosing the article in an environment, humidifying the 
5 environment to enhance the susceptibility of the spores to subsequent decontamination 
with a decontamination gas (such as chlorine dioxide), reducing the pressure in the 
humidified environment, for example to a vacuum pressure such as at least as low as 
100 inches of water (0.25396 kg/cm 2 ) to enhance penetration of the decontamination gas 
into the article, and then introducing into the environment a concentration of the 
10 decontamination gas effective to decontaminate the article by killing substantially 1 00% 
of the spores. 

The method can be carried out using any rigid, substantially gas-jmpeimeable 
, chamber-as a decontamination chamber, for example a container that can withstand- 
.pressures below atmospheric pressure, such as below 1 atmosphere, for example below 
15 0.2458 atmosphere, without compromismg the structural integrity of the chamber. 
Particular examples of decontamination chambers include, but are not limited to: rigid 
containers, such as an autoclave or a hypobaric chamber. The vacuum pressure applied 
to lie humidified environment can be adjusted to suit the particular needs of a 
decontamination project. For example, in certain examples, the pressure in the 
20 humidified environment is reduced to a pressure even lower than 100 inches of water 
(0.25396 kg/cm 2 ), for example at least as low as 50 inches of water (0.12698 kg/cm 2 ), or 
at least as low as 29 inches of water (0.0736484 kg/cm 2 ). 

In examples where the decontamination chamber is a room or building, the same 
methods are used, except that no deep vacuum is applied. Instead, the room or bunding 
25 is at a pressure that does not compromise the structural integrity of the room or building. 
The room or building can be under a vacuum, as long as the resulting pressure does not 
compromise the structural integrity of the room ox building, for example does not cause 
implosion of the room or building, la particular examples, me room or building is at 
ambient pressure, such as atmospheric pressure. The metiiod can include sealing the 
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loom or building to form a sealed environment, and can further include reinforcing one 
or more windows or other openings. 

The method also includes huroidtfying the errvironment to enhance the 
susceptibility of the spores to subsequent decontamination with a decontamination gas, 

5 such as chlorine dioxide. In some embodiments, hunudifying the environment includes 
increasmgto relative huntidity of the environment to at least 90%. In particular 
examples, the relative humidity of the environment is increased to at least 90% for a 
defined period of time, for example at least one hour or at least three hours. 

The concentration of the decontamination gas (such as chlorine dioxide) also can 

10 be varied to suit the needs of a particular decontamination project. For example, in 
some embodiments the concentration of gaseous chlorine dioxide is at least 1000 parts 
per million, for example at least 25Q0 parts per million. In some examples, the 
decontamination gas exposure nrne-is adjusted : JP6r instance, in some examples, the 
article is exposed to a decontamination gaavfor at least one hour, for at least three hours, 

15 or for at least six hours. M particular examples, the decontamination gas is provided 
with huimdification, such as concurrent humidification of at least 70% humidity, such 
as at least 80% humidity, or even at least 90% humidity. 

The method can be used to decontaminate various types of articles that are 
actually or potentially contaminated with various types of spores. For example, in 

20 particular examples, the spore is a Bacillus antkracis spore. In even more particular 
examples, the spore is a weaponized spore. In some examples, the article is paper. 

In some examples, the errvironment is a decontamination chamber, himridifying 
the environment includes increasing the relative humidity of the environment to at least 
90% for at least one hour, the pressure in the humidified environment is reduced to at 

25 least as low as 29 inches of water (0.0736484 kg/cm 2 ), the concentration of the 
decontamination gas (such as gaseous chlorine dioxide) is at least 1000 parts per 
rmllion, and the article is exposed to the gaseous chlorine dioxide for at least one hour. 
In particular examples, the chlorine dioxide is delivered with at least 90% 
humidification. 
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Ia other examples, the environment is a room or building, and enclosing the 
article in an airtight environment involves sealing the room or building, humidifying the 
environment involves increasing the relative humidity of the environment to at least 
90% for at least one hour, the concentration of gaseous chlorine dioxide is at least 1000 
5 parts per million, and the article is exposed to the gaseous chlorine dioxide for at least 
one hour, m particular examples, the chlorine dioxide is delivered with at least 90% 
hutnidtfication. 

In one particular example, foe method is a method of tetontaminating a porous 
article, and the method includes enclosing the article in a decontarnmation chamber, 
1 0 increasing the relative humidity in the decontamination cliamber to at least 95%, 

reducing the pressure in the humidified decontanrination chamber to at least as low as 
•50 inches of -water (0J2698 kgVcm 2 ), and men introducing into the decontamination, 
-fehamber at -least .1 000 parts permillion of the decontamination gas, thus 
.decontammatingthe article by killing substantially 100% of the spores- In particular 
• 15- examples, the decontamination gas is delivered with at least 90% hunridification. > 
In another particular example, the method is a method of decontaminating a 
porous article, and the method includes enclosing the article in a sealed room or 
building, increasing the relative humidity in the sealed room or building to at least 95%, 
and then introducing into the room or building at least 1000 parts per million of the 
20 decontanunation gas, for example with concurrent at least 95% humidification, thus 
decontajninatmg the article by killing substantially 100% of the spores. 

Apparatus 

Also disclosed herein is an apparatus for decontaminating a porous article. The 
25 apparatus includes a selectively sealable decontamination chamber, a decontanrination 
chamber humidifier, a source of decontamination gas (such as chlorine dioxide) in fluid 
communication with the decontamination chamber, and in some examples a 
decontamination chamber vacuum generator. In some embodiments, the apparatus also 
includes a first fluid flow path for transferring humidified gas from the decontanunation 
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chamber humidifier to the selectively aealable decontamination chamber, a second fluid 
flow path for transferring decontamination gas from the source of fhe gas to die 
selectively sealable decontamination chamber, and in some examples a third fluid flow 
path for evacuating the selectively sealable decontamination chamber via the 
5 decontamination chamber vacuum generator. In some embodiments, the apparatus also 
includes a flow regulator in fhe first fluid flow path, or a rotameter in the first fluid flow 
path. 

The apparatus can also include a nitrogen source and a fourth fluid flow path for 
transferring nitrogen gas to the decontamination chamber humidifier. In some 
10 examples, the apparatus also includes a £11 valve or a flow regulator in the fourth fluid 
flow path. In particular examples, the apparatus also includes a flow regulator in the 
third fluid flow path, and in other examples the apparatus also includes a ventilation 
valve m the second fluid flow/path. 

When the decontamination gas is «hlorine dioxide, the chlorine dioxide source 
15 can be any source of chlorine dioxide known in the art. For example, in some 

embodiments, the chlorine dioxide source is a chlorine dioxide generator, m particular 
examples, the chlorine dioxide generator is a Saf-T-Chlor™ chlorine dioxide generator. 

In some embodiments, the selectively sealable decontamination chamber is a 
rigid container. In particular examples, the apparatus also includes a heat source for 
20 providing heat to the selectively sealable deconteadhaiion chamber. Some 

embodiments of the apparatus also include a hygrometer for regulating humidity in the 
selectively sealable decontamination chamber. 

Ia particular examples of the apparatus, the rigid container includes a heat 
source, a thermostat for regulating the heat source, and a hygrometer for regulating 
25 humidity in the selectively sealable deccmtamination chamber. 

The decontarnination chamber can be any rigid, substantially gas-impermeable 
chamber, for example an autoclave or a hypoharic chamber that can withstand a vacuum' 
pressure of at least as low as 100 inches of water (0.25396 kg/cm 2 ), at least as low as 50 
inches of water (0.12698 kg/cm 2 ), or at least as low as 29 inches of water (0.0736484 
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kg/cra 2 ). In other examples, the decontamination chamber is a sealed room or a sealed 
building under a pressure that does not compromise the structural integrity of the room 
or bunding. The apparatus can also include a heat source for providing heat to the 
decon taminati on chamber, or a hygrometer for regulating humidity in the selectively 
5 seal able decontamination chamber. 

Description of Several Specific Embodiments 

Decontamination of porous articles/objects 

Disclosed herein are methods for decontaminating porous and non-porous 

1 0 articles or objects. Many known methods of biowespon decontamination, for instance 
exposure to chlorine dioxide, ethylene oxide, formaldehyde, or steam, are effective at 
^decontaminating non-porous articles, for example non-porous glass, porcelain, and 
• metals-idlowever, terrorist activities have targeted the United States mail system, .. 
generating numerous anthxax-contannhated parcels and envelopes, as well as mail- . 

15 handling equipment, farmture, office supplies, and the like. Conventional 

decontamination techniques are ineffective at decontRTninating such porous articles 
because the sterilant fails to penetrate deeply enough into the pores of the articles to 
folly inactivate all contaminating spores. 

By contrast, the methods disclosed herein can include subjecting the 

20 contaminated article (such as a porous article) to a deep vacuum prior to exposure to the 
sterilant gas. This permits the gas to penetrate the article more fully, exposing the 
spores contained in inner pockets and pores to the gas, which creates a greater mass 
transfer of gas and results in a thorough decontamination of the article. The deep 
vacuum is equivalent to a pressure of at least as low as 100, SO, 60, 50, 40, 30, or even 

25 29 inches of water. For comparison, a pressure of 100 inches of water is equivalent to 
about 0.2458 atmospheres, or about 0.25396 kg/cm 2 . A pressure of 80 inches of water 
is equivalent to about 0-19664 atmospheres, or about 0.203168 kg/cm 2 . A pressure of 
60 inches of water is equivalent to about 0.14748 atmospheres, or about 0.152367 
kg/cm 1 . A pressure of 50 inches of water is equivalent to about 0.1229 atmospheres, or 
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about 0.12698 kg/cm 2 . A pressure of 40 inches of water is equivalent to about 0.09832 
atmospheres, or about 0.101584 kg/cm z . A pressure of 100 inches of water is equivalent 
to about 0.07374 atmospheres, or about 0.0761 88 kg/cm 2 , and a pressure of 29 inches of 
water is equivalent to about 0.071282 atmospheres, or about 0.0736484 kgfcm 2 . 
S The pressure employed in a particular situation can be tailored to suit any of a 

variety of factors, for example, the type of decontamination chamber, room, or building 
to be decontaminated, the porosity of the article or articles to be coutaminated, the 
concentration of chlorine dioxide gas used, the amount of humidification desired^ the 
contaminating pathogen present (or thought to be present), or the length of time the 
1 0 article is exposed to the sterilant gas. 

Decontamination oj 'yveapanized spores . 

Conventional deccmtanrination techniques, while effective atinactivating many 
types of bacterial spores, often are ineffective at lolling weaponized spores. Among 

1 5 other modifications, weaponized spores are usually desiccated) which makes them 
particularly resistant to chemical sterilizing agents. Thus, articles contaminated with 
desiccated spores often require decontamination with substantially more rigorous 
sterilization conditions (for instance, a higher sterilant concentration or longer exposure 
time) than do non-desiccated spores. 

20 The methods disclosed herein overcome this problem by including a 

humidification step that enhances the susceptibility of desiccated spores to inactivation 
with deamtarninating gas, such as chlorine dioxide. For example, by enhancing the 
susceptibility of the spores to the cMorine dioxide sterilant, a lower concentration of 
chlorine dioxide maybe used, or the length of exposure to the chlorine dioxide may be 

25 shortened. Humidification of the spores can be accomplished by pie-hunndifyittg the 
article to be decontaminated in an atmosphere of controlled humidity prior to or 
concurrent with exposing the article to the chlorine dioxide gas. Generally, the degree 
of humidity is expressed as relative humidity, or the ratio of the amount of water vapor 
in a gas at a specific temperature to the maximum amount that the gas could hold at that 
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temperature, expressed as a percentage, A completely saturated gas is said to be at 
100% relative humidity, and partial saturation is designated by emaller percentages, for 
example, 95% or even less relative humidity. 

In some examples, the humidification step is carried out at a relative humidity of 
5 at least 70%, at least 80%, at least 90%, at least 95%, at least 98%, or even greater 

relative humidity, m some embodiments, the article is exposed to the elevated humidity 
for at least 15 minutes, at least 30 minutes, ox at least 1, at least 2, at least 3, at least 5, at 
least 10, or at least 20 hours. The relative humidity chosen and the duration of exposure 
to the relative humidity can be optimized to suit a particular decontamination project, 
10 and can vary depending on, for example, the type of decontamination chamber, room, or 
building to be decontaminated, the porosity of the article or articles to be contaminated, 
the coiuxartaition of decontaminating gas used, the pathogen (such as a spore) present or 
thought to be .proem, or ithe length of time the article is exposed to the sterilant gas. hi ; 
certain examplesr-the humidity in die decontamination chamber is raised to a relative 
15 humidity of at least 70%, at least 80%, at least 90%, at least 95%, at least 98%, or even 
greater, during exposure of the article to the sterilant gas. 

m some examples, the humidification step is carried out at room temperature 
(such as 65 T -74 T, for example 68T - 72°F, such as 68°F, 69°F, 70T, 71% or 72°F% 
although lower or higher temperatures can be employed if desired or necessary. In some 
20 examples, the humidification step is carried out at an elevated temperature, for example 
at least 75°F, at least 85°F, at least 95°F, or higher. Although the rmmidrfication step 
generally is carried out using humidified air, other humid gases, such as humidified 
nitrogen gas, can be used. The humidification step can be performed before 
introduction of the decontarninating gas, during introduction of the decomaminating 
25 gas, following introduction of the decontarmiiatirig gas, or combinations thereof. 
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Jjn certain examples, the decontamination chamber is a rigid container, for 
ex amp le as shown in FIG. 3. Such an embodiment is particularly suited to 
decontaminating small articles, such as mail envelopes or parcels, hi such an 
embodiment, a suitably-sized article, fox example a piece of mail or a parcel, is placed 
5 in the rigid container, and the container is sealed prior to exposing the article to chlorine 
dioxide gas. 

In other examples, the decontamination chamber is an autoclave or hypobaric 
chamber. Such an embodiment is particularly suited to the decontamination of medium 
or large-sized articles. In one particular, non-limiting example, an autoclave or 

10 hypobaric chamber is used for the decontamination of mail, either as individual pieces 
or as multiple items in larger containers, such as in trays, baskets, or bins. In some 
■ embodiments, the trays, baskets, or bins are placed onto wheeled racks, or transported 
•by automated means or fork lifts, ox transported by any other method of holding and 
transporting batches of mail, and the carts or forklifts are -wheeled into the autoclave or 

i 5 hypobaric chamber. The autoclave or hypobaric chamber is then sealed prior to 
exposing the article(s) to chlorine dioxide gas. 

The decontamination chamber can also be a room or a building (see FIG. 4), for 
example a room or building contaminated or thought to be contaminated with a 
weaponized spore. This embodiment is particularly useful for decontaminating rooms 

20 or buildings contaminated with weaponized spores, for example when such rooms or 
buildings contain porous articles, for example paper. 

jh particular examples, the room or building is sealed to form a sealed 
environment. Sealing the room or building prevents the escape of the decontaminating 
gas (such as chlorine dioxide) to the atmosphere. Sealing the room or building can 

25 include, but is not limited to, sealing the windows with M-backed foam insulation, 
sealing cracks with expanding foam or silicone caulking, and sealing skylights, loading 
docks, and building openings with poly-sheeting and foil tape: In even more particular 
examples, one or more windows in the room or building are reinforced prior to 
decontamination. 
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Chlorine dioxide 

The particular decontamination gas used in certain examples is chlorine dioxide, 
a relatively small, volatile and highly energetic molecule. Chlorine dioxide gas is 
5 unstable at high concentrations; generally, it is generated at the point of use. 

Chlorine dioxide is an extremely effective disinfectant, which rapidly inactivates 
bacteria, viruses, and parasites such as Giardia and Cryptosporidium. Because chlorine 
dioxide oxidizes but does not chlorinate, chlorinated organic by-products (for example, 
trihalomethanes, haloacetic acids, dloxins, and turans) typically are not produced. 

1 0 Neither does chlorine dioxide produce appreciable amounts of aldehydes, ketones, 

ketoacids, or other problematic compounds associated -with oxidation of organic matter 
by other, less selective means. ; . 

In addition, unde&me correct reaction conditions (such as delivery into an 
environment of at least flO% humidity, or delivery with at least 70% humidification), 

15 chlorine dioxide inactivates bacterial spores, for example Bacillus anthracis spores. 
High-purity chlorine dioxide gas is an excellent gas-phase decontaminating agent, 
because chlorine dioxide gas molecules can kill aerosolized, airborne pathogens, and 
also can diffuse through cracks and crevices in an article or a room or building and 
reach any surface that might have been reached by the target pathogen. 

20 Chlorine dioxide gas can be prepared by any of the methods known in the art. 

One such method involves passing a stream of air-diluted chlorine gas or nitrogen- 
diluted chlorine gas at a metered rate through a column of finely divided sodium 
chlorite, and into a partially evacuated chamber. This procedure is described more fully 
in Qrubitsch et d., Monatsk, 93246 (1962). 

25 Another method of preparing cMorine dioxide gas is the reaction of sodium 

chlorite solutions in the presence of acids. In one embodiment, a dilute solution of 
aqueous potassium persulfate is treated with a dilute solution of aqueous sodium' 
chlorite at ambient temperatures (20-30°C) in a closed reaction vessel. This method is 
discussed more fully in Rosenblatt et at, J. Org. Chem., 28:2790 (1963). 
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Chlorine dioxide gas can also be delivered via a chlorine dioxide source, -winch 
can be any device that stores, releases, or produces chlorine dioxide. One type of a 
chlorine dioxide source is a chlorine dioxide generator. A chlorine dioxide generator is 
a device for producing chlorine dioxide gas, for example, a device that generates 
5 chlorine dioxide gas as needed. One such chlorine dioxide generator is the CDG Saf-T- 
Chlor™ chlorine dioxide generator (CDG, Bethlehem, PA), which uses the reaction 
between dilute chlorine gas and thermally stable solid sodium chlorite to generate 
chlorine dioxide gas on demand: 

10 Cl 2 (gas) + NaCIOz (solid) 2ClOj (gas) +NaCl (solid) 

: This reaction produces chlorine dioxide gas (in nitrogen), free of chlorite ion, chlorate . 
ion or molecular chlorine. 

CDG Gas:Solid chlorine dioxide generators-'are avaflableart at least two sizes: 
1 5 bench-scale generators for smaller scale applications and plant-scale generators, which 
are -useful for providing chlorine dioxide in amounts sufficient to decontaminate large 
areas, or for the routine decontamination of large volumes of mail. 

hi some embodiments, the chlorine dioxide gas is delivered to the 
decontamination chamber in the form of a gaseous mixture of chlorine dioxide, an inert 
20 carrier gas, and moisture in the form of humidity. One specific, non-limiting example 
of an inert carrier gas is nitrogen gas. In some embodiments, the chlorine dioxide gas is 
delivered to the decontamination chamber in the form of a gaseous mixture of chlorine 
dioxide and air, such as air that is at least 70%, or even at least 90% humidity. 
The concentration of chlorine dioxide can be varied to suit the needs of a 
25 particular decontamination project, m some examples, the concentration of gaseous 
chlorine dioxide is at least 1,000 parts per million, such as at least 1,500, at least 2,000, 
at least 2,500, at least 3,000, or at least 3,500 parts per million, ha some embodiments, 
the chlorine dioxide exposure time is adjusted. For instance, in some examples, the 
article is exposed to the gaseous chlorine dioxide for at least one hour, for at least three 
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hours, or for at least six horns. The particular concentration of chlorine dioxide in the 
carrier gas selected for use is a function of several factors, including the inherent ability 
of the particular spores to resist ^contamination by chlorine dioxide, the duration of 
exposure to the chlorine dioxide gas, the degree to which the spores are desiccated, the 
5 humidity to which the article has been exposed during the humidification step, the 
duration of the humidification step, and the relative humidity of the chlorine 
dioxide/carrier gas. 

Apparatus for decontamination of porous articles 

10 Also disclosed herein is an apparatus tor decontaminating porous articles. One 

embothment of the apparatus 10 is shown in FIG. 1. Apparatus 10 includes a nitrogen 
source 12 in fluid communication with a:decontainination chamber humidifier 14- and a 
first fluid flow path l6rfoi , hamferring nitrogen gaB to de<»ntamrnation chamber 
humidifier, 14. First fluid flow path 1 6 includes a fill valve 1 8, which permits the 

15 . addition of gas or liquid to first fluid flow path 16, and a flow regulator 20, which 
regulates flow of the nitrogen gas to decontamination chamber humidifier 14. 

Decontamination chamber humidifier 14 is in fluid communication with a 
rotoraeter 22 via a second fluid flow path 24. Rotameter 22 is in fluid communication 
wifoonernletofaTjunction26vfeathr^ Third fluid flow path 28 

20 includes a flow regulator 30, which regulates flow of the humidified nitrogen gas to T 
junction 26. 

Apparatus 10 also includes a source of chlorine dioxide gas 32, which is in fluid 
cornmunication with the second inlet of T junction 26 via fourth fluid flow path 34. The 
outlet of T junction 26 is in fluid communication with a selectively scalable 
25 decontamination chamber 36 via a fm^ fluid flow path 38. Fifth fluid flow path 3 8 
includes a flow regulator 40, which regulates flow of a mixture of chlorine dioxide gas 
and nitrogen gas from T junction 26 to selectively sealable decontamination chamber 
3 6, and a ventilation valve 42, which permits the influx or efflux of gas from fifth fluid 
flow path 38. 
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Selectively scalable decontamination chamber 36 accommodates one oi more 
articles for decontamination, and includes a lid 44 that can be opened or closed as 
desired When closed, lid 44 forms a gas-tight closure. Selectively scalable 
decontamination chamber 44 is in fluid communication with a vacuum generator 46 via 
5 a sixth fluid flowpath 48. Sixth fluid flow path 48 includes a flow regulator 50, which 
regulates flow of exhaust gas from selectively sealable decontamination chamber 3 6 to 
vacuum generator 46. 

In operation, an article in need of decontamination is enclosed in selectively 
sealable decontamination chamber 36. lid 44 is then sealed to form a gas-impermeable 
10 seal, and humidifkation of decontamination chamber 36 is initiated Nitrogen gas from 
i nitrogen source 12 flows through first fluid path 16 to decontamination chamber 
. ' . humidifier 1 4, where the nitrogen gas is humidified. Flow regulator 20 regulate9 the •; 
^pressure of the nitrogen gas in first fluid flow path 16.. 

Humidified nitrogen gas flows f rom decontamination crianih er Humidifier 14 to 
1 5 rotameter 22 through second fluid flow path 24. Humidified nitrogen gas then flows 
from rotameter 22 through third fluid flow path 28 to the first inlet of T junction 26, out 
the outlet of T junction 26, and through fifth fluid flow path 38 to selectively sealable 
decontamination chamber 36. The article is incubated in the humidified nitrogen gas for 
a predetermined time. The relative humidity of the humidified nitrogen gas and the 
20 duration of incubation are determined based on the particular characteristics of the 
article being decontaminated, including, but not limited to, the porosity of the article, 
the inherent ability of potential oi actual contaminating spores to resist decontamination 
by chlorine dioxide, the concentration of cWorine dioxide gas to be used, the degree to 
which potential or actual contanuhating spores are desiccated, and the relative humidity 
25 ofmecHoiine dioxid^/m^rogeo gas mixture to be used. 

After incubation, the humidified nitrogen gas is exhausted from selectively 
sealable decontamination chamber 36 by vacuum generator 46 through sixth fluid flow 
path 48. Vacuum generator 46 continues to remove gas from selectively sealable 
deconlmnination chamber 36 until a desired vacuum pressure is achieved in selectively 
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sealable decontamination chamber 36, for example a vacuum pressure equivalent to at 
least as low as 100, 50, or 29 inches of water. 

Following the hvrrm'dification step, a decontamination step begins. Nitrogen gas 
from nitrogen source 12 flows through first fluid path 16 to dec ontamiriation chamber 
5 humidifier 14, where the nitrogen gas is humidified. Humidified nitrogen gas flows 
from decontamination chamber humi difier 14 to rotameter 22 through second fluid flow 
path 24. Humidified nitrogen gas then flows from rotameter 22 through third fluid flow 
path 28 to the first inlet of T junction 26. Chlorine dioxide gas from source 32 passes 
from source of chlorine dioxide gas 32 through fourth fluid flow path 34 to the second 

10 inlet of T junction 26. The chlorine dioxide gas combines with the humidified nitrogen 
gas in T junction 26 to form a chlorine dioxide/nitrogen gas mixture with a desired 
chlorine dioxide conceatration, for instance 1,000 ppm Or 2,500 ppm chlorine dioxide 
gas in humidified nitrogen gas,' -The particular concentration of chlorine dioxide in the 
carrier gas selected fbruseisa function of several factors, incl uding , bnf not limited to, 

15 the porosity of the article, the inherent ability of Ihe particular spores to resist 

decontamination by chlorine dioxide, the duration of exposure to the chlorine dioxide 
gas, the degree to which the spores are desiccated, the humidity to which the article has 
been exposed during the humidification step, the duration of the humidification step, 
and the relative humidity of the cMorine dioxide/nitrogen gas mixture. 

20 The chlorine dioxide/nitrogen gas mixture then flows from the outlet of T 

junction 26 into selectively scalable decontamination chamber 36 via fifth fluid flow 
path 38. The article is incubated in the chlorine dioxide/nitrogen gas mixture for a 
predetermined time, which is chosen based on a number of factors, including, but not 
limited to, the porosity of the article, the inherent ability of the particular spores to resist 

25 detjontamiiiation by chlorine dioxide, the concentration of chlorine dioxide gas, the 
degree to which the spores are desiccated, the humidity to which the article has been 
exposed during the humidification step, andthe relative humidity of the chlorine 
m'oxideMtrogen gas mixture. 
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After the appropriate incubation period, the chlorine dioxide/nitrogen gas 
mixture is tiien evacuated from selectively sealable decontaink&tion. chamber 36 by 
decontarnination chamber vacuum generator 46 via sixth fluid flow path 48, Flow 
regulator 50 regulates the pressure of the chlorine dioxide/nitrogen gas mixture in sixth 
5 fluid flow path 48. 

Chlorine dioxide generator 

In some embodiments, source of chlorine dioxide gas 32 is a CDG Saf-T- 
Chlor™ chlorine dioxide gas generator 50, as shown in FIG. 2. CDG chlorine dioxide 
10 generator 50 includes a chlorine gas source 52 in fluid cornmurdcation with a first inlet 
of first T junction 54 via first fluid flow path 56. First fluid flow path 56 includes a 
■. pressure regulator 58 and an on/off valve 60. 

■. CDG chlorine dioxide generator 50 also includes a m^gentEdk6adn.fluid 
conummicatlon with a second inlet of first T junction 54 via second fluid flow path 64. 
15 S econd fluid flow path 64 includes a pressure regulator 66 and an on/ off valve 68. 

The outlet of first T junction 54 is in fluid wmmunication with a first inlet of 
second T junction 70 via third fluid flow path 72. A second inlet of T junction 70 is in 
fluid communication with a pressure gauge 74 via fourth fluid flow path 76. The outlet 
of second T junction 70 is in fluid communication with a sodium chlorite cartridge 80 
20 via a fifth fluid flow path 82. Fifth fluid flow path 82 includes a flow meter 84 and a 
control valve 86. Chlorine dioxide gas from sodium ohlorite cartridge 80 leaves CDG 
chlorine dioxide generator 50 via sixth fluid flow path 88 . 

To generate chlorine dioxide gas, on/off valve 60 is opened, and a mixture of 
chlorine and nitrogen gas is transferred from chlorine/nitrogen tank 52 to the first inlet 
25 offirstTjundion54via£rrstfluidflowpathS6. 

On/off valve 68 is also opened, and nitrogen gas is transferred from 
cMoime/mtrogen tank 62 to the second Met of first T junction 54 via second fluid flow 
path 64. Pressure regulator 58 regulates the pressure of Hie gas in second fluid flow 
path 64. The chlorine/nitrogen gas mixture combines with nitrogen gas in first T 
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junction 54 to farm a gas mixture. The gas mixture flows from the outlet of first T 
junction 54 to the first inlet of second T junction 70 via third fluid flow path 72. 
Pressure gauge 74 measures the pressure of the gas mixture via the second inlet of 
second T junction 70 and fourth fluid flow path 76. 
5 The gas mixture is then transferred from second T junction 70 to sodium chlorite 

cartridge 80 via fifth fluid flow path 82, where it reacts with the sodium chlorite in 
sodium chlorite cartridge 80 to form chlorine dioxide gas. Flow meter 84 regulates the 
pressure of the gas mixture in fifth, fluid flow path 82, and control valve provides a 
mechanism for mterrupting gas flow through fifth fluid flow path 82, if needed. The 
10 chlorine dioxide gas flows from sodium chlorite cartridge 80 and exits chlorine dioxide 
generator 50 via sixth fluid flow path 88. 

Decantftminatton chambers > ' - 

The selectively scalable decontamination chamber 36 described above (FIG. 1) 

15 can he any rigid, substantially gas-impermeable chamber, for example a rigid container, 
an autoclave, a hypobaric chamber, a room, or a building, Jh one embodiment, 
selectively sealable decontamination chamber 36 is a rigid container 90, as shown in 
FIG. 3. The rigid container 90 includes a reaction vessel 92 that has a sealable opening 
94 and a lid 96 for sealing the sealable opening 94. Reaction vessel 92 is supported by a 

20 stand 98, which includes a heat source 100 for rtfovidmg heat to reaction vessel 92. 

Reaction vessel 92 is supported by a stabilizing collar 102. Lid 94 includes a 
first sealable port 104 and a second sealable port 106. A thermometer or a hygrometer 
can be introduced into reaction vessel 92 via first sealable port 104 or second sealable 
port 106. Lid 94 also includes a third sealable port 108 through which gas and liquid 

25 can be introduced to and removed fiom reaction vessel 92. 

m operation, a suitably-sized article, for example a piece of mail or a parcel, is 
placed in reaction vessel 92, and sealable opening 94 is sealed using lid 96. Humidified 
gas is added to reaction vessel 92 via third sealable port 108, and the article is incubated 
in the humidified gas for a predetermined period of time. The relative humidity of the 
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humidified gas and the duration of incubation are determined based on the particular 
characteristics of the article being decontaminated, including, but not limited to, the 
porosity of the article, the inherent ability of potential or actual contanjinating spores to 
resist decontamination by chlorine dioxide, the concentration of chlorine dioxide gas to 
5 be used, the degree to which potential or actual contaroiiiating spores are desiccated, and 
tiie relative humidity of the chlorine dioxide gas to be used. 

The humidified gas is then evacuated via third sealable port 108, generating a 
vacuum pressure of at least as low as 100 inches of water. Chlorine dioxide gas is then 
added to reaction vessel 92 via the third sealable port 108, and the article is incubated in 
1 0 the chlorine dioxide gas for a predetermined time. The particular concentration of 
chlorine dioxide gas selected for use is a function of several factors, including, but not 
limited to, the porosity of the article, the inherent ability of potential or actual 
. contaminating spores to resist decontamination by chlorine dioxide, the duration of 
' exposure to the chlorine dioxide gas, the degree to which potential or actual - 
15 contaminating spores are desiccated, the humidity to which the article has been exposed 
during the hnmidrfication step, the duration of the humidification step, and the relative 
humidity of the chlorine dioxide gas. The chlorine dioxide gas (such as humidified 
- chlorine gas) is then evacuated via third sealable port 108, Ed 96 is opened, and the 
article is removed from reaction vessel 92 through sealable opening 94. 
20 Jn another embodiment, as shown in FIG. 4, selectively sealable 

decontamination chamber 36 is a room 110. Room 110 includes an influx channel 1 1 2 
for transferring gas into room 110, and an efflux channel 114 for transferring gas out of 
room 110. Influx channel 112 and efflux channel 114 can pass through a doorway 116 
that is sealed with a vapor harrier 1 18. In particular examples, influx channel 1 12 and 
25 efflux channel 1 14 are a single channel, whose purpose changes depending on whether 
materials are introduced or moved from room 110. Room 110 can also include a 
window 120 that is sealed with a vapor barrier 122 and reinforced with a reinforcing 
panel 124. In examples were the selectively sealable decontamination chamber 36 is a 
room 1 10, a vacuum generator 46 is not required. 
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In operation, humidified gas (such as humidified air or humidified chlorine 
dioxide or both) is transferred into room 110 via influx channel 112. Room 110 is then 
incubated in the humidified gas for a predetermined period of time. The relative 
humidity of the humidified gas and the duration of incubation are determined based on 
5 the particular characteristics of room 110, including, but not limited to, the porosity of 
articles and furnishings in room 1 10, the inherent ability of potential or actual 
contaminating spores to resist decontamination by the gas used, the concentration of 
decontamination gas used, the degree to which the potential or actual eontaiumating 
spores are desiccated, and the relative humidity of the decontamination gas used. 

1 0 If not administered previously, decontamination gas (such as humidified chlorine 

dioxide gas) is then transferred into room 1 10 via influx channel 1 12, and room 110 is 
incubated in the decontamination gag. for a predetermined period of time. The particular 
concentration of decontamination ga&selected for use is a function of several factors, 
including, but not limited to, the "inherent ability of potential or actual cmtaminating 

1 5 spores to resist decontamination by the decontamination gas such as chlorine dioxide, 
the duration of exposure to the decontamination gas, the degree to which potential or 
actual contaminating spores are desiccated, the humidity to which the article has been 
exposed during the humidification step, the duration of the hunnaification step, and the 
relative humidity of the decontamination gas. The decontamination gas is then 

20 evacuated from room 1 10 via efflux channel 1 14. 

EXAMPLE 1 

Decontamination of weaponized spores with high-purity chlorine dioxide gas 

This example dernonsttates that a concentration of 10,000 parts per million 
25 (ppm) chlorine dioxide gas is an effective sterilant for paper contaminated with 
weaponized spores. 

Paper filters (n=16) contaminated with 2.0 x 10 8 weaponized spores were 
exposed to 1 0,000 ppm ClQ} for four hours. Filters were cultured under permissive 
culture conditions (15 hour incubation in tryptic soy broth) to determine whether the 
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weaponized spores were viable following the decontamination protocol. Out of 16 
filters exposed to the decontamination protocol, none showed viable spores following 
decontamination. Thus, a concentration of 10,000 parts per million (ppm) chlorine 
dioxide gas is an effective sterilant for paper contaminated with weaponized spores. 

5 

EXAMPLE 2 

Effect of pre-humidification on decontamination efficacy 

This example demonstrates mat following a pre-humidification step carried out 
at 95% relative humidity and 95TF for 1-3 hours, a concentration of 10,000 parts -pest 
10 milli on (ppm) chlorine dioxide gas is an effective sterilant for both conventional 
biological indicator spores and v/eaponized spores. 

■ . • Paper filters contaminated with 2.0 x 1 0 s weaponized spores (n^'-lO 10 . : - 
•Weaponized spores (n=2), or. 10* conventional biological indicator spores (n=£)were' 
■ enclosed in envelopes and pie-humidified at 95% relative humidity and 95 °Efor 1-3 
15 hours. They were then exposed to 10,000 ppm ClOz for four hours. Filters were 1 ' 
cultured under permissive culture conditions (1 5 hour incubation in Iryptic soy broth) to 
determine whether the spores were viable following the decontamination protocol. 
None of the filters showed viable spores following decontamination (Table 1 .) 

20 Table 1: Effect of pre-humidification on decontamination efficacy 



Humidification time 


lhour 


2 hours 


3 hours 


2 x 10 8 Weaponized Snores/filter 


0/2 


0/2 


0/2 


1 0 10 Weaponized Spores/filter 


0/2 


0/2 


» 0/2 


1 0" Conventional Biological 
Indicator Spores/filter 


0/2 


0/2 


0/2 


Positive Control 


1.7x10" 


1.7x10" 


]Jxl0 b 
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EXAMPLE3 

Effect of gas concentration on decontamination efficacy 
This example demonstrates that following a pre-hnmidificatiou step at 95% 
relative humidity and 95T for 1 .5 hours, a concentration of 1,000 parts per million 
5 (ppm) chlorine dioxide gas is an effective sterilant for both conventional biological 
indicator spores and weaponized spores. 

Paper filters contaminated with 2.0 x 10 a weaponized spores, 10 l ° weaponized 
spore9, or 10 s conventional biological indicator spores were enclosed in envelopes and 
pre-himudified at 95% relative humidity and 95°F far 1.5 hours. They were then 
10 exposed to 2,500, 1,000, or 500 ppm CICh for four hours. Filters were cultured under 
permissive culture conditions (15 hour incubation in tryptic soy broth) to determine 
whether the spores were viable folldwing the decontamination protocol. Only the filters 
containing weaponized spores that were, exposed-to the. lowest concentration of chlorine 
dioxide (500 ppm) showed viable' spores, following decontamination (Table 2.) 

15 



Table 2. Effect of gas concentration on decontamination efficacy 



CIOz Concentration 


2500 ppm 


1000 ppm 


500 ppm 


2 x 10 s Weaponized Spores/filter 


0/2 


0/2 


2/2; 1.43 x 10* 


10 10 Weaponized Spores/filter 


0/2 


0/2 


2/2 


10" Conventional Biological Indicator 
Spores/filter 


0/2 


0/2 


0/2 


10 6 Weaponized Spores/filter 






3/4 


Positive Control 


1.7x10" 


1.7x10" 


1.7xl0 B 



Thusj following a pre-humidification step at 95% relative humidity and 95°F for 
1 .5 hours, a concentration of 1 ,000 parts per million (ppm) chlorine dioxide gas is an 
20 effective sterilant for both conventional biological indicator spores and weaponized 
spores. 
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EXAMPLE 4 
Comparison of biological indicators at 500 ppm CIO* 
This example demonstrates the inadequacy of using non-weaponized spores to 
measure the decontamination efficiency of chlorine dioxide bioweapon decontamination 
5 protocols. 

Paper filters contaminated with 10 s weaponized spores or 10 fi ccraventic-nal 
biological indicator spores were enclosed in envelopes and pre-humidified at 95% 
relative humidity and 95°F for 1-3 horns. They were then exposed to 500 ppm CIOz for 
four hours. Filters were cultured under permissive culture conditions (15 hour 
10 incubation in tryptic soy broth) to determine whether the spores were viable following 
the decontamination protocol. Following decontanrination, the weaponized spores were 
astill viable; whereas the conventional biological indicator spores were not (Table 3.) ■ - 



Table 3; Comparison of biological indicators at 500 ppm CIO2 



' Humidification Time 


1 hour 


2 hours 


3 hours' 


10 6 Weaponized Spores Per Filter 


Positive 


Positive 


Positive 


10 6 Conventional Biological Indicator Spores Per 
Filter 


Negative 


Negative 


Negative 


10 6 Weaponized Spores Per Filter (positive 
control) 


Positive 


Positive 


Positive 


10 6 Conventional Biological Indicator Spores Per 
Filter (positive control) 


Positive 


Positive 


Positive 



15 



Thus, conventional, non-weaponized spores provide an inadequate assessment of 
the decontamination efficiency of chlorine dioxide bioweapon decontamination 
protocols. 

20 EXAMPLE 5 

Efficacy of steam sterilization in decontaminating weaponized spores versus 
conventional binindicator spores 
This example demonstrates the inadequacy of steam sterilization for 
decontamination weaponized spores. 
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Paper filters contaminated with 10 s weaponized spores or 10 s conventional 
biological indicator spores were enclosed in envelopes and exposed to a steam 
dewmtamination protocol for 15 minutes at Y1VC and a pressure of 20 pounds per 
square inch. Filters were cultured under permissive culture conditions (15 hour 
5 incubation in tryptic soy broth) to determine whether the spores were viable following 
the decontamination protocol. Following deccmtarrrination, the weaponized spores were 
still viable, showing heavy growth with pellicle formation, whereas the conventional 
biological indicator spores showed no growth. 

Thus, steam sterilization was ineffective at decontanunating weaponized spores. 

10 

EXAMPLE 6 

Effect of deep vacuum and successive. treatment cycles on decontamination efficacy 

This example shows the effect 1 of exposure to a deep vacuum and consecutive 
treatment cycles on deccintamination.efficacy it 

15 Weaponized spores or conventional biomdicator spores at a concentration of 

1 0 W were exposed to a three hour humidification step carried out at a relative humidity 
of 90% . Spores were then subjected to a deep vacuum of at least 29 inches of water, 
then were exposed to 1,000 ppm chlorine dioxide gas for four hours, m some cases, the 
spores were subjected to multiple treatment cycles. Spores were then cultured in tryptio 

20 soy broth to determine whether they were viable following the d^ontamination 
protocol. Table 4 shows the effects of successive CIO2 treatment cycles on 
decontamination efficacy. 



TnhlP d. Consecutive Chlorine Dioxide Treatments 


indicator 


Cycle 1 


_Cycle2 


Cycle 3 


10 1U Weaponized 
Spores 


5.7x10* 


0 


3.3x10' 


TP 10 


4.3 x 10 5 


1.3 x 10* 


7.2 XlO* 


10'" Weaponized 
Spores + Control 


1.8x10'° 


1.8x10'" 


1.8x10'° 


TP 10+ Control 


1.9 x 10 ,u 


1.9xlO lJ 


1.9x10'° * 
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ThuB, exposing spore-contaminated articles to a deep vacuum prior to 
application of chlorine over multiple cycles can increase decontamination efficacy. 

EXAMPLE 7 

5 Effect of exposure time and chlorine dioxide concentration on decontamination 

This example shows that increasing the exposure time to chlorine dioxide gas 
increases decontamination efficacy, that longer exposure times are required for spores 
contained in an envelope than for free spores, and that longer exposure times are 
required for weaponized spores than for non-weaponized spores. 

10 Weaponized spores or conventional bioindicator spores (MS) at a concentration 

of 10 10 were either prepared as free spores or confined to glassine envelopes. Spores 
were then exposed tp a three hour humidification step carried out at a relative humidity 
. of 90%, and ware then subjected to a deBp vacuum of at least 29 inches of water. , 
Soores were then were exposed to 1 ,000 ppm chlorine dioxide gas for 0.5 to 6 hours. 

15 (Tables 5-16). Spores were then plated in serial dilutions on agar plates and the 
resulting colonies were counted to determine decontamination efficacy, hi addition, 
spores were cultured in tryptio soy broth for 24-48 hours to determine whether they were 
viable following the decontamination protocol. 

Tables 5-16 show the effects of chlorine dioxide exposure time on 

20 decontamination of free spores versus spores in envelopes, and the differences in 
decontamination efficacy on weaporuzed spores versus conventional bioindicator 
spores. The results shown in Tables 5-16 are summarized in FIG. 5. 
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Table 5: Decontamination efficacy of 0.5 hour incubation of spores without 



glassine envelopes 



Envelope 


10- 1 
(Dilution 
on agar) 


Iff* 
(Dilution 
on agar) 


io- 3 

(Dilution 
on agar) 


Broth 24 
Hrs. 


Bro1h48 
Hrs. 


MS lo l 


0 


0 


0 


- 


- 


MS 1U 2 


0 


0 


0 






MS 1U 3 


0 


0 


0 






MS 11 * 4 


0 


0 


0 


- 




MS ,9 5 


0 


0 


0 






Weaponized 
Spores 1 


870 


87 


0 




+ 


io 10 ' 

Weapomzcd 
Spores 2 


410 


57 


3 . 


+ 

l ' 


+ 


10 w 

Weaponized 
Spores 3 


1090 


97 


.10 . 

■ * / 


. + 


+ 


10 10 

Weaponized 
Spores 4 


533 


27 


• 0 


• + 


+ 


lP 

Weaponized 
Spores 5 


1527 


13 


3 


+ 


+ 


PBS- 
Control 


0 


O 


0 
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Table 6: Decontamination efficacy of 0.5 hour incubation of spores in glassine 



envelopes 



Envelope 


1(T 2 ~ 
on agar) 


10* 

\AJ 11 u uuu 

on agar) 


10^ 
on agar) 


Broth 24 
Hrs. 


Brofb.48 
Hrs, 


MS 1U 1 


TNTC 


TNTC 


TNTC 


+ 


+ 


wolf o 
Mo Z. 


1JN 1L> 


Hi lb 




+ 


+ 


Mb i 


A 

U 


n 

V 


V 


+ 


+ 


MS'M 


TNTC 


TNTC 


TNTC 


+ 


+ 




in* 6 
(Dilation 
on agar) 


lir 7 
(DUution 
on agar) 


10* 
(Dilution 
on agar) 






10 1() 

Wcapcmized 
Spores 1 


TNTC 
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Table 7: Decontamination efficacy of 1 hour incubation of spores without glassine 



envelopes 
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Table 8; Decontamination efficacy of 1 hoar incubation of spores in giassine 



envelopes 
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TaMe 9: Decontamination efficacy of 2 hour incubation of spores in glassine 



envelopes 
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Table 10: Decontamination efficacy of 2 honr incubation of spores without 



glasslne envelopes 
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Table 11: Decontamination efficacy of 3 hour incubation of spores without 



glassine envelopes 
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Table 12; Decontamination efficacy of 4 hour incubation of spores without 



glassine envelopes 
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Table 13: Decontamination efficacy of 4 hour incubation of spores in glassine 



envelopes 
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Table 14: Decontamination efficacy of 5 hoar incubation of spores -without 



glassine envelopes 



Envelope 


10' 1 
(Dilution 
on agar) 


10* 
(Dilution on 
agar) 


lo- 3 

(Dilution on 
agar) 


Broth 24 
His. 


Broth 48 
Hrs. 


MS 10 1 


0 


0 


0 






MS 10 2 


0 


0 


0 


_ 




MS 10 3 


0 


0 


0 






Mi> 4 


0 


0 


0 






MS ,U 5 


0 


0 


0 






10 w 

Weaponized 
Spores 1 


0 


0 


0 






10 IU 

Weaponized 
Spores 2 


0 


0 


0 






jja » 

Weaponized 
Spores 3 


0 


0 


.■o . 






10 lu 

Weaponized 
Spores 4 


0 


0 


0 






10 iU 

Weaponized 
Spores 5 


0 


0 


0 






PBS - Control 


0 


0 


0 







PAGE 62/73 * RCVDAT 2/13/2006 2:00:04 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/27 * DNIS:2738300 ' CSID:202 293 6229* DURATION (mm-ss):21-58 



FEB. 13. 2006 2:32PM C8L&H 202 293 6229 



WO 2005/123145 

* V — - — -• 



-43 

Table 15: Decontamination efficacy of 6 hour incubation of spores without 



glassine envelopes 
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Table 16: Decontamination efficacy of 6 hour incubation of spores in glassine 



envelopes 
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Thus, increasing the exposure time to chlorine dioxide gas increases 
5 decontamination efficacy, longer exposure times are required for spores contained in an 
envelope than for free spores, and longer exposure times are required for weaponized 
spores than for non-weaponized spores. 



This disclosure provides methods and apparatus for decontaminating articles 
10 such as a porous article. It will he apparent that the precise details of the methods and 
apparatus described may he varied or modified without departing from the spirit of the 
described disclosure, We claim all such modifications and variations that fall within the 
scope and spirit of the claims below. 
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We claim: 



1. 



A method of decontaminating an article, comprising: 



10 



15 



20 



enclosing the article in an environment; 

humidifying the environment to enhance susceptibility of spores to 
decontamination with chlorine dioxide; 

reducing the pressure in the humidified environment to at least as low aa 100 
inches of water (0.25396 kgW); and 

introducing into the environment a concentration of gaseous chlorine dioxide 
effective to decontaminate the article by killing substantially 100% of the spores. 

2. The method of claim 1 , wherein the article is porous. 

3 . The method of claim 1 , -wherein the article is non-porous. 

4. The method of claim 1, wherein the environment is a rigid container, autoclave, or 
hypobaric chamber. 

5. The method of claim 1, wherein humidifying the environment comprises increasing 
the relative humidity of the environment to at least 95%. 

6. The method of claim 5, wherein hurmdirying the environment comprises increasing 
the relative humidity of the environment to at least 90% for at least one hour. 

7. The method of claim 6, wherein humidifying the environment comprises increasing 
the relative humidity of the environment to at least 90% for at least three hours. 

8. The method of claim 1, wherein the pressure in the humidified environment is 
reduced to at least as low as 50 inches of water (0.12698 kg/cm 2 ). 
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9. The method of claim 1 , wherein the pressure in the humidified environment is 
reduced to at least as low as 29 inches of water (0.0736484 kg/cm 2 ). 

10. The method of claim 1, wherein the concentration of gaseous chlorine dioxide is at 
5 least 1000 parts per million. 

1 1. The method of claim 1 , wherein the concentration of gaseous chlorine dioxide is at 
least 2500 parts per million. 

10 12. The method of claim 1, wherein the gaseous chlorine dioxide is humidified to at 
least 70% humidity. 

13. The method of claim 1, wherein' the gaseous chlorine 'dioxide is introduced 
concurrently with humidified air at least 70% humidity. ;• 

15 

14. The method of claim 1, wherein the article is exposed to the gaseous chlorine 
dioxide for at least one hour. 

15. The method of claim 14, wherein the article is exposed to the gaseous chlorine 
20 dioxide for at least six hours. 



1 6. The method of claim 1 , wherein the spore is a Bacillus anthracis spore. 

17. The method of claim 1, wherein the spore is a weaponized spore. 

18. The method of claim 1, wherein the article comprises paper. 



25 



19. The method of claim 1, wherein the environment is a decontamination chamber, 
humidifving the environment comprises increasing the relative humidity of the 
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environment to at least 90% far at least one hour, the pressure in the humidified 
environment is reduced to at least as law as 29 inches of water (0.0736484 kg/cm 2 ), the 
concentration of gaseous chlorine dioxide is at least 1000 parts per million, and the 
article is exposed to humidified gaseous chlorine dioxidefor at least one hour. 

5 

20. The method of claim 1 , wherein the humidifying and the introducing into the 
environment a concentration of gaseous chlorine dioxide occurs at substantially the 
same tone. 

10 21. A method of decontamination, comprising; 

sealing a room or building, thereby generating a sealed room or sealed building; 
hurnidifying the sealed room or sealed building to enhance (he susceptibility of 
.spores in theseajedjooin or sealed building to decontamination with chlorine dioxide; 

and ■'' <■•■■■ 

15 introducing into the sealed room or sealed building a concentration of gaseous 

chlorine dioxide effective to decontaminate the sealed room or sealed building by 
killing substantially 1 00% of the spores. 

22. The method of claim 21 , wherein the humidifying and the introducing into the 

- 20 environment a concentration of gaseous chlorine dioxide occurs at substantially the 
same time. 

23. The method of claim 21, wherein the sealed room or sealed bitildingis at ambient 
' pressure. 

25 " 

24. An apparatus for decontaminating a porous article, comprising: 
a selectively sellable deconisuxunation chamber; 

a decontamination chamber humidifier, 

a source of chlorine dioxide gas in fluid communication with the 
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decontamination chamber; and 

a decontamination chamber vacuum generator. 

25. The apparatus of claim 24, further comprising: 

5 a first fluid flow path for transferring humidified gas from the dec^arrriiiatioii 

chamber humidifier to the selectively sealable decontamination chamber; 

a second fluid flow path for transferring chlorine dioxide gas from the source of 
chlorine dioxide to the selectively sealable decontamination chamber; and 

a third fluid flow path for evacuating the selectively sealable dewntaminatiaa 
1 0 chamber via the decontamination chamber vacuum generator. 

26. The apparatus of claim 25, further comprising a flow regulator in the first fluid 
flow path. .;■ •■=?:■.«■"■• 

15 27. The apparatus of claim 25, further comprising a rotameter in the first fluid flow 
path. 

28. The apparatus of claim 25, further comprising a nitrogen source and a fourth 
fluid flow path for transferring nitrogen gas to the decontamination chamber humidifier. 

20 

29. The apparatus of claim 28, further comprising a fill valve in the fourth fluid flow 
path, 

30. The apparatus of claim 28, further comprising a flow regulator in the fourth fluid 
25 flow path. 

31. The apparatus of claim 25, further comprising a flow regulator in the thirdfluid 
flow path. 



FEB. 13. 2006 2:34PM CBL&H 202 293 6229 



WO 2005/123145 

' g ^ »-» *.».w * — ■ — 



PAGE 68/73 • RCVD AT 2/1312006 2:00:04 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/27 * DNIS:2738300 ' CSID:202 293 6229 « DURATION (mm-ss):21-58 



NO. 1411 P. 69 

PCT/US2005/000766 



32. The apparatus of claim 25, further comprising a ventilation valve in the second 
fluid flow path. 

33. The apparatus of claim 24, wherein the source of chlorine dioxide gas is a 
5 chlorine dioxide generator. 

34. The apparatus of claim 24, wherein the selectively sealable decontamination 
chamber is a rigid container. 

10 35. The apparatus of claim 24, wherein the apparatus further comprises a heat source 
for providing heat to the selectively sealable decontamination chamber. 
?. !• i; • 

36. The Apparatus of claim.24, wherein the apparatas further comprises a 
hygrometer for regulating humidity in the selectively sealable decontamination chamber. 

15 

37. The apparatus of claim 34, wherein the rigid container comprises a heat source, a 
thermostat for regulating the heat source, and a hygrometer for regulating humidity in 
the rigid container. 

20 38. The apparatus of claim 24, ■wherein the selectively sealable decontamination 
chamber comprises an autoclave or a hypobaric chamber. 
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